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3D printed vortex chamber
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System Layout
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Solid-Solid Separation




Material g/cm3 µm µm cm/s mg
High Density 
Polyethylene
0.86 871 885 0.92 17.4 0.312
Glass Beads 2.51 329 333 0.92 9.47 0.049
Cork 0.19 797 835 0.8 9.37 0.058
Centrifugal Force:
• Particle mass dependent
• Force directed radially 
outward 
Drag Force:
• Particle size dependent
• Force directed radially 
inward
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Slugging
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Video
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Video of slugging
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Particle Velocity
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High Speed Video Analysis
Tangential velocity of 9.4m/s at a radius of 21.5cm; 45g
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Drag Force on HDPE
Drag Force on Glass
Drag Force on Cork
𝐹𝐹𝑐𝑐,𝑝𝑝 = 𝑚𝑚𝑝𝑝𝑣𝑣𝑡𝑡,𝑝𝑝2𝑟𝑟 𝐹𝐹𝑑𝑑,𝑝𝑝 = 12 𝜌𝜌𝑔𝑔𝑣𝑣𝑟𝑟,𝑔𝑔2 𝐶𝐶𝐷𝐷𝐴𝐴𝑝𝑝
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Disclaimer
• This project was funded by the Department of Energy, National 
Energy Technology Laboratory, an agency of the United States 
Government, through a support contract with URS Energy & 
Construction, Inc.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor URS Energy & 
Construction, Inc., nor any of their employees, makes any 
warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights.  
Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or 
any agency thereof.  The views and opinions of authors expressed 
herein do not necessarily state or reflect those of the United 
States Government or any agency thereof.
